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[57] ABSTRACT 

A cable tester, which is adapted to be used by persons 
not expertly skilled in the technical characteristics of 
local area networks (LANs), is disclosed. The tester 
incorporates a time domain reflectometer which starts a 
counter upon the generation of an incident signal pulse 
and utilizes a comparator which compares signals pres- 
ent on a cable under test to a controllable amplitude to 
halt the timer. The tester exhibits an output impedance 
which is greater than the impedance of a cable being 
tested. The tester additionally measures instantaneous 
amplitude levels of signals present on the cable being 
tested, resistance, continuity, noise levels, and data ac- 
tivity on a network of which the cable is a part. In 
addition, the tester includes a display and a sound gener- 
ally device. Software programming compensates for 
impedance mismatches with the cable and data present 
on an active network being tested. In addition, software 
programming processes test and measurement results 
for visual presentation on the display and for audible 
presentation on the sound generating device. The visual 
presentations incorporate graphical representations of 
test and measurement data. Furthermore, the tester 
supplies audible signals which can be used with the aid 
of a tracter device to locate the cable being tested. 

34 Claims, 12 Drawing Sheets 
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TOR CABLE TESTING APPARATUS WITH PULSE 
TIMING MANIPULATION TO AUTOMATICALLY 
COMPENSATE FOR D IVERSE CABLE 

CHARACTERISTICS 5 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to devices 
employed in the testing of electrical cables which are 
commonly utilized in local area networks (LANs). 
More speciHcally, the present invention relates to such 
devices which, at least in part, utilize the technology of 
time domain reflectometiV (TDR) and which process 
TDR and other data for convenient presentation to a 
user of the device. 

BACKGROUND OF THE INVENTION 

Local area networks (LANs), which couple sepa- 
rately located computers together, have become a com- 
mon feature in today's workplace. A LAN cable, which 20 
physically spans the distances between computers and 
includes connectors and terminators installed thereon, 
serves a key role in the LAN. However, failures in a 
LAN cable can occur during installation, during modifi- 
cations to the computer network, and when furniture, ^5 
computer, or office space relocations occur. 

Typically, even LAN cable failures which com- 
pletely halt LAN operations can be difficult to identify 
and isolate. However, LAN cables experience many 
other failure or problem modes which are extremely 30 
difficult to identify because they lead to a degradation in 
performance rather than a complete halting of LAN 
operations. Skilled engineers and technicians can and do 
utilize a variety of currently available test equipment to 
troubleshoot such LAN failiires and problems. How- 35 
ever, today^s workplace is often staffed by persons who, 
while highly skilled in various technical areas, do not 
possess the types of skills or equipment required to fully 
understand and identify the many complex electrical 
parameters which characterize a LAN. 40 

Consequently, the troubleshooting of a LAN, even 
when a relatively simple problem is suspected, requires 
the services of such LAN-skilled persons using the 
appropriate test equipment. Many managers in the 
workplace dislike obtaining the services of such LAN- 45 
skilled persons because of the excessive computer 
down-time which may result from waiting for such 
persons to arrive and because of the large fees such 
persons demand. 

Accordingly, the successful troubleshooting of com- 50 
mon LAN failures by an internal LAN user would be a 
highly desirable alternative to obtaining the services of 
outside LAN-skilled persons. Unfortunately, the test 
equipment currently utilized m troubleshooting LAN 
problems assumes a large familiarity with the complex 53 
electrical parameters that characterize a LAN. Conse- 
quently, such test equipment fails to meet the trouble- 
shooting needs of the typical LAN user. For example, 
such equipment typically includes sophisticated time 
domain reflectometry (TDR) circuits which require an 60 
equipment operator to enter a significant amount of data 
m order to perform a TDR scan of a cable under test. 
Specifically, an operator is typically required to charac- 
terize a nominal velocity of propagation (NVP) and an 
impedance of the cable under test. While the entry of 65 
such data presents no obstacle to a typical LAN-skilled 
person, the entry of such data is highly undesirable to 
the typical LAN user who does not readily know such 



2 

data and may not fully appreciate the significance of 
such data to TDR. 

In addition, such conventional equipment requires a 
user to enter a desired pulse width for use in connection 
with TDR scans. While this pulse width selection is 
readily understood and appreciated by the typical 
LAN-skilled person, the typical LAN user may not 
fully appreciate its significance in TDR and may have 
trouble in making an appropriate choice. 

Conventional LAN testing equipment fails to serve 
the typical LAN user's needs in other areas. For exam- 
ple, such conventional equipment fails to include func- 
tions for performing simple continuity checks, for elec- 
trical mterference testing, for locating cables which 
may be hidden in ceilings, walls, under carpets, etc., and 
for performing other common tests required in a typical 
computerized workplace, such as serial data port test- 
ing. Moreover, such conventional equipment typically 
presents information in a cryptic manner which requires 
a significant amount of interpretation on the part of an 
equipment operator. Furthermore, such conventional 
equipment often performs TDR scans slowly so that 
such conventional equipment cannot operate simulta- 
neously with operation of the LAN. Still further, such 
conventional equipment fails to permit the saving of test 
data for later analysis or for later presentation to a 
LAN-skilled person. 

In addition, such conventional equipment often as- 
sumes the availability of additional "test" equipment, 
such as chart recorders, oscilloscopes, VOM's, and the 
like. However, the typical LAN user may not readily 
possess such additiozial "test" equipment. Furthermore, 
such conventional equipment, especially when associ- 
ated with supporting *'test" equipment, often costs so 
much that a typical LAN user cannot afford to purchase 
it for emergency and occasional use only. 

Thus, a need exists for cable testing equipment which 
addresses the needs of the typical LAN user. 

SUMMARY OF THE INVENTION 

Accordingly, it is an advantage of the present inven- 
tion that a cable testing apparatus and method which 
are particularly suited for the typical LAN user are 
provided. 

Another advantage is that the present invention pro- 
vides a time domain reflectometer which refrains from 
requiring a user to specify the types of parameters 
which are typically unknown to the user. 

Still another advantage is that the present invention 
presents data to a user in numeric, graphical, and audi- 
ble forms so that a user is required to engage in a mini- 
mum amount of data interpretation. 

Yet another advantage is that the present invention 
includes a plurality of diverse functions so that a user 
need not obtain additional '^test" equipment to success- 
fully troubleshoot a wide variety of common LAN 
problems. 

The above and other advantages of the present inven- 
tion are carried out in one form by a cable testing device 
which includes a port for coupling to a cable under test. 
A time domain reflectometer couples to the port to 
transmit an incident pulse of a selectable width and to 
monitor signals at the port. A circuit, which automati- 
cally specifies a width for the incident pulse in response 
to the signals monitored at the port, couples to the time 
domain reflectometer. 
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The above and other advantages of the present inven- 
tion are carried out in another form by a cable testing 
device which couples to a cable that exhibits a predeter- 
mined characteristic impedance. The cable testing de- 
vice includes a time domain reflectometer which has an ^ 
output that couples to the cable. The time domain re- 
flectometer output exhibits a characteristic impedance 
which is greater than the predetermined characteristic 
impedance. 

The above and other advantages of the present inven- 
tion are carried out in yet another form by a method of 
performing time domain reflectometry at a port which 
is intended to couple to a cable under test. The method 
first measures a substantially instantaneous amplitude of 
signals present at the port Subsequent to this measure- 
ment, the method transmits an incident signal pulse at 
the port and starts a. timer substantially simultaneous 
with the transmission of the incident signal pulse. The 
method additionally monitors the signals present at the 2q 
port and compares the amplitudes of these signals with 
a comparison amplitude that exceeds the insta n ta n eous 
amplitude discussed above. Upon the detection at the 
port of a signal which exhibits an amplitude that ex- 
ceeds the comparison amplitude, the method stops the 25 
timer to produce a timed duration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present inven- 
tion may be derived by referring to the detailed descrip- 30 
tion and claims when considered in connection with the 
FIGURES, wherein like reference numbers refer to 
similar items throughout the FIGURES, and: 

FIG. 1 shows an external, perspective view of the 
present invention; 35 

FIG. 2A shows a block diagram of a controller por- 
tion of hardware circuits included in the present inven- 
tion; 

FIG. 2B shows a block diagram of a cable intoface 
portion of hardware circuits included in the present ^ 

invention; 

FIG. 3 shows a schematic diagram of a cable driver 
portion of the present invention; 

FIG. 4 is a flow chart which illustrates the types of 
tasks performed by the present invention during an Idle 
mode of operation; 

FIGS. 5A and 5B together provide a flow chart 
which illustrates the types of tasks performed by the 
present invention during a Scan Cable function; 

FIG. 6 is a flow chart which illustrates the types of 
tasks performed by the present invention during Suc- 
cessive Approximation routines; 

FIG. 7 is a flow chart which illustrates the types of 
tasks performed by the present invention during a rou- 
tine which Tests for Close Shorts; 

FIG. 8 is a flow chart which illustrates the types of 
tasks performed by the present invention during a Print 
function; 

FIG. 9 is a flow chart which illustrates the types of ^ 
tasks performed by the present invention during Resis- 
tance and Continuity functions; 

FIG. 10 is a flow chart which illustrates the types of 
tasks performed by the present invention during a 
Scope function; 65 

FIG. 11 is a flow chart which illustrates the types of 
tasks performed by the present invention during a Noise 
Level function; 
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FIG. 12 is a flow chart which illustrates the types of 
tasks performed by the present invention during a 
Printer function; 

FIG. 13 is a flow chart which illusUates the types of 
tasks performed by the present invention during a Data 
Library function; 

FIG. 14 is a flow chart which illustrates the types of 
tasks performed by the present invention during a Cali- 
bration function; 

iPIG. 15 is a flow chart which illustrates the types of 
tasks performed by the present invention during a 
Tracer macro; 

FIG. 16 shows a block diagram of a tracer device 
utilized in connection with the Tracer macro; 

FIG. 17 is a flow chart which illustrates the types of 
tasks performed by the present invention during a Mon- 
itor macro; 

FIG. 18 is a flow chart which illustrates the types of 
tasks performed by the present invention during an 
Amplitude Display macro; 

FIG, 19 is a flow chart which illustrates the types of 
tasks performed by the present invention during a Noise 
Level macro; 

FIG. 20 is a flow chart which illustrates the types of 
tasks performed by the present invention during a Units 
macro; 

FIG. 21 is a flow chart which illustrates the types of 
tasks performed by the present invention during a Print 
Configuration macro; and 

FIG. 22 is a flow chart which illustrates the types of 
tasks performed by the present invention during a De- 
fme Macro Preset macro. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 shows a hand-held cable tester 10 in accor- 
dance with the preferred embodiment of the present 
invention. Tester 10 resides in a box-like housing which 
measures approximately r'x4"X7.5" and weighs ap- 
proximately 2 pounds. A top surface of tester 10 in- 
cludes a keyboard 12. Keyboard 12 is conflgured in an 
array having 12 keys, labeled keys 12.0-12.9 for the 
numerals 0-9, 12.c for "Clear," and 12.e for "Enter." In 
addition, the top surface of tester 10 includes a display 
13, which provides a user of tester 10 with a visual 
indication of data in a 16 character by 2 line array. 

Sides of tester 10 include a plurality of connectors 
and a power switch 14. A user of tester 10 manipulates 
power switch 14 to energize and de-energize tester 10. 
A cable port 15 in the form of a BNC connector and a 
test connector 17 reside on one side of tester 10. Port 15 
is intended to connect to a cable under test (CUT) 18 
through a suitable adaptor or mating BNC connector 
20. Connector 17 electrically couples in parallel to port 
15 for electrically connecting twisted pair cables^ oscil- 
loscopes, or other test equipment to CUT 18 at tester 10. 
In the preferred embodiment, CUT 18 represents any 
electrical cable, and more preferably represents any 
electrical cable used in a local area network (LAN). 

Another side of tester 10 mdudes a serial data port 19 
for allowing tester 10 to communicate with a printer, a 
computer, or other computer-controlled device (not 
shown) using standardized data communication signals, 
such as those utilized in an RS-232 data communications 
link. In addition, this side of tester 10 includes a connec- 
tor 21 for coupling an electrical power source to tester 
10 for charging batteries contained within tester 10 and 
for energizing tester 10. 
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FIGS. 2A and 2B show a block diagram of circuits to a positive terminal of a battery 42. A negative termi- 
utilized by tester 10. Generally, these circuits reside in nal of battery 42 couples to a ground terminal 43. Con- 
either a controller section 22 (shown in FIG. 2 A) or a sequently, RAM 34 employs a battery powered back-up 
cable interface section 23 (shown in FIG, 2B). As scheme. When tester 10 is de-energized, battery 42 con- 
shown in FIG. 2A, controller 22 includes a conven- S tmues to supply current to RAM 34 so that data stored 
tional 8-bit microprocessor 24, such as an HD641S0, therein is not tost. Of course, the alternative use of 
manufactured by the Hitachi Corporation. This particu- non-volatile RAM circuits to maintain data integrity 
lar microprocessor 24 includes an internal universal when tester 10 has been de-energized is equally within 
asynchronous receiver/transmitter (UART) 25, a high- the scope of the present mvention. 
speed serial port 27, and a timer 28. Each of UART 25, 10 Controller 22 utilizes PROM 34 to store software 
serial port 27, and timer 28 utilize an interrupt structure programming instructions, tables, constant data, and 
to communicate with a processor portion 29 of micro- other data which does not change through the opera- 
processor 24. Of course, those skilled in the art will tion of tester 10. Such instructions, tables, and the like 
recognize that the present invention can alternatively are discussed below in connection with the flow charts 
employ any one of a wide variety of alternate 4-bit, IS of FIGS. 4-22. 

8-bit, 16-bit, 32-bit, and the like microprocessor prod- Keyboard 12 and display 13 each communicate with 

nets which may or may not include such mtemal microprocessor 24 in a conventional manner. Thus, in 

UART, timer, and serial port functions. the preferred embodunent, a background mode of oper- 

In the preferred embodiment, UART 25 couples ation for microprocessor 24, initiated by an interrupt 
through a driver circuit 30 to serial data port 19, dis- 20 generated every 20 milliseconds by timer 28, examines 
cussed above in connection with FIG. 1. The preferred keyboard 12 to determine which, if any, of keys 
embodiment of the present invention engages in RS-232 12.0-12.9, 12.c, and 12.e (see FIG. 1) have been de- 
serial data communication through UART 25 and pressed. Data describing a depressed key is then placed 
driver 30 using conventional techniques. Such conm:iu- in a buffer for use by a foreground mode of operation, 
nication represents a widely accepted communication 25 Microprocessor 24 writes either control data or dis- 
standard for computer devices. Consequently, hard- play data to display 13. The control data clears the 
copy printouts of test results are provided utilizing such display, indicates where on display 13 subsequent data 
computer devices. The use of computer devices for shall be written, and performs other control functions, 
hard-copy, rather than specialized test equipment, such Each byte of display data forms a code, such as the 
as chart recorders, is advantageous because such equip- 30 well-known ASCII code, which display 13 formats as a 
ment is readily available in an enviroimient where a character or symbol for display thereat. 
LAN operates. Consequently, a user of tester 10 need ControUer 22 interfaces to cable interface 23 (FIG. 
not purchase additional equipment to obtain hard-copy 2B) through a controller interface 44. Interface 44 in- 
printouts of test results. eludes a plurality of latches 45 and buffers 47, which 

High speed serial port 27 provides an output from 35 couple to bus 33 in a conventional manner. Micro- 
microprocessor 24 which couples to a conventional processor 24 writes control bits of data, which config- 
piezoelectric buzzer 32. Consequently, tester 10 pro- ure and Initiate the operation of cable mterface 23, into 
vides audible indications ofdatathrou^ the emission of latches 45. Conversely, microprocessor 24 reads test 
"beeps" by buzzer 32. Specifically, such "beeps" are result data produced by cable interface 23 at buffers 47. 
produced by loading data containing alternating Vs and 40 As shown in FIG. 2B, controller interface 44 supplies 
O's, (i.e. AAH or 55H) into high speed serial port 27, a short pulse control bit at a line 48 to an input of a pulse 
then controlling the rate at which such data is clocked generator 49. Pulse generator 49 produces a 15 — 20 
out of port 27 to define the tone of the "beep." Port 27 nanosecond logic low pulse at an output thereof in 
generates an interrupt to processor 29 when it has com- response to a low-to-high transition of the short pulse 
pleted clocking its data out from microprocessor 24, 45 control bit. The precise pulse width is not a critical 
and processor 29 reloads such data into port 27 in re- parameter. Such a pulse may be produced by splittmg 
sponse to this interrupt. Such reloadmg continues for the input short pulse control bit into two signal paths 
the desired duration of a beep. having unequal propagation delays associated there- 

A data, address, and control bus 33 couples micro- with, then gating the two unequally delayed signal 

processor 24 to a random access memory (RAM) 34 and 50 paths together to produce the output signal. However, 

a programmable read only memory (PROM) 35. In the present invention contemplates the use of delay lines 

addition, bus 33 couples to keyboard 12 and display 13, or other circuits to produce this 15-20 nanosecond 

which were discussed above in connection with FIG. 1. pulse. 

Microprocessor 24 communicates with RAM 34, The output of pulse generator 49 couples to a preset 

PROM 35, keyboard 12, and display 13 utilizing con- 5S input of a D-type flip-flop 50 and to a first input of a 

ventional techniques, which employ address decoding NAND gate 52. Controller interface 44 supplies a long 

and appropriate manipulation of microprocessor con- pulse control bit at a line 51, which couples to a second 

trol signals (not shown). input of NAND gate 52. An output of NAND gate 52 

In the preferred embodunent, RAM 34 is a cohven- couples to an mput of an inverting cable driver circuit 

tional volatile RAM. Controller 22 utilizes RAM 34 to 60 53, the (details of which are discussed below in connec- 

store variables, test data, and other parameters which tion with FIG. 3. An output of cable driver 53 AC 

change due to the operation of tester 10. A power input couples through a series-connected capacitor 54 to a 

terminal of RAM 34 couples through a diode 37 to a first signal port of a switching device or relay 55, and to 

Vcc terminal 38. Terminal 38 is adapted to receive a a first signal port of a switching device or relay 57. A 

positive voltage only when tester 10 has been energized 65 second signal port of relay 55 couples to a signal termi- 

through the operation of power switch 14 (see FIG. 1). nal 58 of port 15. In addition, the present invention 

In addition, the power input terminal of RAM 34 cou- contemplates the use of protection circuits (not shown) 

pies through a series-connected diode 39 and resistor 40 between relay 55 and terminal 58. 
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With further reference to the circuits depicted in together. However, when the second relay control bit is 
FIG. 26, controller interface 44 supplies a ready/audio in a second logical state, the first signal port of relay 71 
control bit at a line 59 to an input of an audio signal is open, causing the shield of CUT 18 to become iso- 
driver 60, and to clock inputs of Hip-flop 50 and a D- lated from ground 43 of tester 10. 
type flip-flop 62. "D" inputs of flip-flops 50 and 62 5 With further reference to the circuits depicted in 
couple to a terminal which is adapted to supply a con- cable interface 23 of tester 10, an output of NAND gate 
stant logical low signal. An output of audio signal 68 couples to a flrst input of a NAND gate 73. A non- 
driver 60 AC couples through a capacitor 63 to a sec- inverting output of flip-flop 62 couples to a second input 
ond signal port of relay 55 and to a first signal input of of NAND gate 73, and an output of NAND gate 73 
a bridge circuit 64. A second signal input of bridge 10 couples to a clear input of flip-flop 50. A non-inverting 
circuit 64 couples to ground terminal 43. Bridge circuit output of flip-flop 50 couples to a flrst input of a NAND 
64 is a conventional resistive bridge, in which the first gate 74 and to controller interface 44 so that it may be 
and second signal inputs of bridge circuit 64 form one read by microprocessor 24. An oscillator 75, which 
leg of the bridge. In addition, the preferred embodiment operates at a frequency of around ICX) MHz in the pre- 
of bridge circuit 64 amplifies the output signal from the 15 ferred embodunent, has an output which couples to a 
resistive bridge in an operational amplifier (not shown). second mput of NAND gate 74. An output of NAND 
An output of this operational amplifier serves as an gate 74 couples to a clock input of a counter circuit 77. 
output of bridge circuit 64 and couples to a second In the preferred embodiment of the present invention, 
signal port of relay 57. In addition, bridge circuit 64 counter 77 simply counts the 100 MHz clock signal 
may advantageously incorporate filtering and tempera- 20 produced by oscillator 75, when enabled to do so. The 
ture stabilization circuits so that a stable output is pro- least significant bit of counter 77 is supplied from a 
vided therefrom. flip-flop (not shown) which latches the phase of the 

A third signal port of relay 57 couples to a non- clock signal as counter 77 is stopped, or disabled. Thus, 
inverting input of a comparator 65. A slope control bit counter 77 exhibits sufficient timing precision to enable 
presented at line 66 couples controller interface 44 to a 25 tester 10 to resolve the location of opens or shorts in 
slope control input of comparator 65. An output of a CUT 18 to within two feet In addition, counter 77 is 
conventional 8-bit digital-to-analog (D/A) converter 67 configured so that the less significant bits are imple- 
couples to a negative input of comparator 65. An 8-bit mented using high-speed logic circuits, such as Ad- 
data input of D/A converter 67 couples to eight control vanced Schottky devices, to accommodate the high 
output bits from controller interface 44. A positive 30 frequency of the clock signal. On the other hand, the 
slope output of comparator 65 couples to a first input of more significant bits of counter 77 are generated by 
a NAND gate 68 and to controller interface 44 so that low-power consuming circuits, such as CMOS devices, 
it may be read by microprocessor 24. Likewise, a nega- to minimize current drain on battery 42, which powers 
tive slope output of comparator 65 couples to a second tester 10. 

input of NAND gate 68 and to controller interface 44. 35 Counter 77 couples its 15-bit output to controller 

The preferred embodiment implements comparator 65 interface 44 so that the count values generated by 

using a conventional dual-slope comparator, such as an counter 77 may be read by microprocessor 24. In addi- 

LM361, manufactured by the National Semiconductor tion, controller interface 44 supplies a clear counter 

Corporation. However, those skilled in the art will control bit at a line 78 that couples to counter 77. Thus, 

understand that other similar devices or two single-out- 40 microprocessor 24 initializes counter 77 to a known 

put comparators may be configured to serve the func- count, such as zero, prior to the enablement of counter 

tions performed by comparator 65 in the present inven- 77 by activating the clear counter control bit. Two of 

tion. the counter output bits (the fourth and seventh from the 

Controller interface 44 additionally supplies a first least significant side of the counter output) couple to 

relay control bit at a line 69 and a second relay control 45 first and second data inputs of a four-to-one multiplexer 

bit at a line 70. Line 69 couples to control inputs of 79. A third data input of multiplexer 79 couples to a 

relays 55 and 57. and line 70 couples to a control input terminal adapted to supply a constant logical low signal, 

of a switching device or relay 71. Of course, the present and a fourth data input of multiplexer 79 couples to a 

invention additionally contemplates the use of driving terminal adapted to supply a constant logical high sig- 

circuits (not shown) between the control inputs of re- 50 nal. Controller interface 44 supplies first and second 

lays 55, 57, and 71 and controller interface 44. Relays 55 mux-selection control bits at lines 90a and 80*, collec- 

and 57 are configured so that when the first relay con- tively referred to as lines 80, which couple to first and 

trol bit is in a fu^t logical state, relay 55 electrically second selection inputs, respectively, of multiplexer 79. 

connects its first and second signal ports together while An inverted output of multiplexer 79 couples to a preset 

relay 57 electrically connects its first and third signal 55 input of flip-flop 62. Consequently, microprocessor 24 

ports together, as shown in FIG. 2B. When the first controls the mux-selection control bits to route a logical 

relay control bit exhibits a second logical state, both of low, logical high, or one of the data output bits from 

relays 55 and 57 connect their respective second and counter 77 to the preset input of flip-flop 62. 

third signal ports together. Further description of the circuits within tester 10 

A first signal port of relay 71 couples to a reference 60 and of their modes of operation is generally provided 

terminal 72 of port 15. When CUT 18 is a coaxial cable, below in connection with various software routines 

reference terminal 72 typically couples to a shield of which control the operation of such modes. However, 

CUT 18 while signal termmal 58 couples to a center FIG. 3 depicts specific circuits included in cable driver 

conductor of CUT 18. A second signal port of relay 71 53 which are discussed in detail here. Specifically, the 

is left open, and a third signal port of relay 71 couples to 65 input of cable driver 53 couples through a parallel-cou- 

ground terminal 43. Thus, relay 71 is configured so that pled combination of a resistor 53a and a capacitor 536 to 

when the second relay control bit is in a first logical a base of an NPN transistor 53c. A collector of transis- 

state, the first and third signal ports thereof connect tor 53c couples through a biasing resistor 53^ to termi- 
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KEY LAN CABLE TYPE TFE PVC 



12.1 


Ethernet (Thin) 


70 


67 


\Z2 


Ethernet (Thick) 


77 


77 


113 


ARCnct 


84 


84 


12.4 


Twisted Pair 


67 


67 


1Z5 


TV Cable 


84 


78 


116 


Token Ring 


78 


78 


118 


Tenninal Coax 


84 


84 
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nal 38, which supplies Vcc as discussed above. An emit- parameter to those skilled in the art of time domain 
ter of transistor 53c couples through a parallel-coupled reflectometry (TDR), for use in making TDR calcula- 
combination of a biasing resistor 53e and an AC short* tions. Printed matter associated with keys 12.1-12.6, 
ing capacitor 53/ to ground terminal 43. The collector and 12.8 identifies common LAN cable types, such as 
of transistor 53c additionally couples to an emitter of an 5 "ETHERNET," "ARCNET," "TOKEN RING." and 
NPN transistor 53g. A base of transistor 53g couples the like. Printed matter associated with key 12.7 names 
through a parallel-coupled combination of a biasing two physical cable substances (i.e. teflon ("TFE") and 
resistor SZh and an AC shorting capacitor 53/ to ground poly vinyl chloride ("PVC")) which influence the NVP 
terminal 43. In addition, the base of transistor 53g cou- parameter of the named cable types. If task 84 deter- 
ples through a biasing resistor 53/ to Vcc terminal 38. 10 mines that key 12.7 has been pressed, then a task 85 
Finally, a collector of transistor 53g serves as the out- toggles a variable deflning the cable substance from 
put of cable driver 53 and couples through a resistor 53A; TFE to PVC, or vice-versa, and program control re- 
to Vcc terminal 38. turns to Idle mode 82. 

Resistor 53a and capacitor 53^ together form a lead If task 84 determines that one of keys 12.1-12.6, and 
filter which serves to quicken a rismg edge of a pulse IS 12.8 have been pressed, then a task 87 moves an NVP 
being transmitted through cable driver 53. Transistor parameter, selected from a table, to a workspace for use 
53c and its associated biasing resistors operate as a flrst in subsequent TDR calculations. After task 87, program 
amplification stage for cable driver 53, and transistor control returns to Idle mode 82. Table 1, shown below, 
53^ and its associated biasing resistors operate as a cas- contains NVP parameters in associadon with cable 
code amplifier at the output of cable driver 53. Conse- 20 substances and LAN cable types, as used by task 87. 
' quently, the output of cable driver 53 presents a rela- Consequently, the use of keys 12.1-12.8 provide the 
tively high impedance to CUT 18 (see FIG. 2B). Since NVP's defined by Table 1. 
transistor 53^ presents a high impedance, the impedance TABLE 1 

presented to CUT 18 is largely influenced by the value 
of resistor 53A:, which is around 330 ohms in the pre- 25 
ferred embodiment. 

This high impedance output provides many advan- 
tages for the present invention. For example, the high 
impedance output nature of cable driver 53 minimizes 
the amount of energy from port 15 which propagates 30 
backwards into cable drivier 53 firom its output. Conse- 
quently, cable driver 53 tends to remain stable, without 
ringing or oscillation. In addition, the high unpedance Task 84 may determine that key 12.9 was pressed. In 
nature of cable driver 53 means that the output impe- this situation, a task 88 causes display 13 to mstruct the 
dance of tester 10 need not match the impedance of 35 user to enter a number (0-9) corresponding to a selected 
CUT 18. In fact, this output impedance is higher than User Type. Task 88 then retrieves the entered number, 
the characteristic impedances of typical LAN CUT's, The User Type represents a variable either preset from 
which are generally around 150 ohms or less. Thus, an the factory or set by the user to contain a predetermined 
operator of tester 10 is not required to enter data de- NVP. Thus, the user may simply select an NVP from an 
scribing such impedance of CUT 18. The absence of a 40 assortment of predetermined NVP's rather than in ac- 
need to enter the impedance of CUT 18 is particularly cordance with specific cable types, as discussed above 
desirable because a user of tester 10 may not possess in connection with task 87. The presetting of a User 
such data. Type by the user is discussed below in coimection with 

FIG. 4 depicts a flow chart which illustrates the types a Calibration function. A task 89, performed after task 
of tasks performed by tester 10, under the control of 45 88, moves a specified User Type variable from a User 
microprocessor 24, during an Idle mode 82 of operation. Type table (not shown) to the workspace. After task 89, 
Idle mode 82 is a foreground mode of operation which program control returns to Idle mode 82. 
occurs when tester 10 is powered-up but not in the In addition, task 84 may determine that key 12.0 was 
process of performing any specific test, function, or pressed. The pressing of key 12.0 causes a task 90 to 
macro. As discussed above, during a background mode 50 obtain a macro variable, and use the value contained in 
of operation, microprocessor 24 monitors keyboard 12 the macro variable as an index which specifies a macro, 
(see FIGS. 1-2A) to identify keys as they are pressed Next, in a task 92, tester 10 proceeds to perform the 
and to place a key identifier in a buffer. Idle mode 82, specified macro. Macros, including a macro for setting 
examinesthisbufferwhenthepressingof akey hasbeen the macro variable, are discussed below. However, 
detected to determine which of keys 12.0-12.9, 12.c, 55 generally speaking, the performance of a macro using 
and 12.C (see FIG. 1) has been pressed, as indicated in a key 12.0 at task 84 allows a user to use fewer keystrokes 
task 83. If keys 12.0-12.9 are pressed, program control in instructing tester 10 to perform the specified macro 
remains in Idle mode 82. However, if task 83 determines than would otherwise be required, 
that either the Clear key (key 12.c) or the Enter key Referring back to task 83, the initial key pressed in 
(key 12.e) has been pressed, then additional processing 60 Idle mode 82 may have been the enter key (key 12.e). 
results. When task 83 determines that key 12.e was pressed, a 

When task 83 detects the Clear key (key 12.c), the task 93 causes display 13 (see FIG. 1) to instruct the user 
selection of a Cable Type is being requested, and a task to press yet another key, collects data describing the 
84 then causes display 17 to instruct the user of tester 10 pressed key, and switches program control to a routine 
to enter a number describing the physical characteris- 65 for the function which was indicated by the pressed 
tics of CUT 18. key. Each of keys 12.0-12.9, 12.c, and 12.e contain 

The selection of a cable type identifies a nominal printed matter thereon to indicate a particular function 
velocity of propagation (NVP), which is a well known or test which will be perfonned when that key is 
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pressed. If task 93 decides that the clear key (key 12x) 
was pressed, then program control returns to Idle mode 
82. However, if keys 12.0-12.9 are pressed, then pro- 
gram control proceeds to the function indicated in 
Table 2, shown below. 

TABLB 2 



Key 



Fanctioa Nunc 



Function Number 



12.1 


Scan C«ble 


100 


12.2 


Print 


200 


12.3 


Rcwtance 


300 


12.4 


Scope 


400 


12.9 


Noiae Level 


900 


12.6 


Continuity 


«00 


12.7 


Printer 


700 


12.8 


D&u Library 


800 


12.9 


Macro 


900 


12.0 


Calibration 


1000 



10 



19 



20 



Functions 100-800 and 1000 are discussed below in 
connection with FIGS. 5-14. However if task 93 de- 
tects the selection of Macro function 900, then program 
control transfers to a task 902, which operates similarly 
to task 93, discussed above. Specifically, task 902 causes 
display 13 to instruct the user to press another key, 
collects data describing the pressed key, and switches 25 
program control to a routine for the macro which was 
indicated by the pressed key. If task 902 determines that 
one of keys 12*1-12.7 was pressed, then program con- 
trol switches to the macro specified in accordance with 
Table 3, shown below. 

TABLE 3 



30 



Key 



Macro Name 



Macro Number 



12.1 


Tracer 


910 


12.2 


Monitor 


920 


03 


Amplitude Display 


930 


12.4 


Noiae Level 


940 


12.5 


UoiU 


930 


12.6 


Print ConligunUion 


960 


12J 


Define Macro Preset 


970 



Macros 910-970 are discussed below in connection 
with FIGS. 15-22. On the other hand, if task 902 deter- 
mines that the clear key (key 12.c) was pressed then 
program control returns to Idle Mode 82, and if task 902 
determines that one of keys 12.8, 123, or 12.0 was 
pressed, then program control returns to Idle Mode 82 
after first causing display 13 to instruct the user that no 
macro has been implemented for the selected key. In 
addition, tester 10 may advantageously emit an audible 
"beep** to inform the user that tester 10 is ignoring the 
previous selection. 

FIGS. 5A and SB together depict the types of tasks 
performed by tester 10 during Scan Cable function 100. 
Function 100 provides the time domain reflectometry 
(TDR) function of tester 10. Referring briefly back to 
FIG. 2B, tester 10 performs TDR by causing an inci- 
dent electrical pulse to be generated and transmitted 
through cable driver 53 and relay 55 for transmission 
into CUT 18. Simultaneously, counter 77 begins count- 60 
ing cycles of the clock signal supplied by oscillator 75. 
This incident pulse propagates away from tester 10 
along CUT 18 until it encounters an impedance discon- 
tinuity or impedance mismatch. The discontinuity 
causes at least a portion of the energy in the electrical 65 
pulse to be reflected back toward tester 10 as a reflec- . 
tion pulse. The greater the impedance mismatch, the 
greater the reflection pulse amplitude. Thus, opens and 



shorts, which represent two common failure modes, 
produce large amplitude reflection pulses. 

The non-inverting input of comparator 65 monitors 
port 15 through relays 55 and 57 in order to detect the 
reflected pulse. The inverting input of comparator 65 
couples to a controllable comparison amplitude sup- 
plied by D/A converter 67. Controller 22 establishes 
this comparison amplitude so that comparator 65 will be 
most likely to "trip" when a reflection pulse is detected. 
When comparator 65 trips, flip-flop 50 disables counter 
77 so that the count existing therein is frozen, and con- 
troller 22 subsequently reads this count. Thus, counter 
77 operates as a timer which measures the period of time 
transpiring between the transmission of the incident 
pulse and the receipt of the reflection pulse. The NVP 
parameter characterizes the speed of propagation of the 
incident and reflected pulses along CUT 18. Accord- 
ingly, controller 22 then calculates the distance to the. 
discontinuity using the time indicated by counter 77 and 
the NVP. 

Moreover, the reflected pulse exhibits a polarity op- 
posite of the incident pulse polarity when the impe- 
dance discontinuity is less than the characteristic impe- 
dance of CUT 18, such as occurs with a short, and the 
reflected pulse exhibits the same polarity as the incident 
pulse when the impedance discontinuity is greater than 
the characteristic impedance of CUT 18, such as occurs 
with an -open. Thus, opens may be distinguished from 
shorts by monitoring the polarity of the reflected pulse. 

Referring to FIG. 5A, one of the first tasks performed 
during Scan Cable function 100 is a Successive Approx- 
imation routine 102, which establishes an amplitude 
floor for use in setting the comparison amplitude ap- 
plied from D/A converter 67 to comparator 65 (see 
FIG. 2B). 

FIG. 6 illustrates Successive Approximation routine 
102 in detail. Generally, tester 10 performs successive 
approximation routines in several of the functions and 
macros. These successive approximation routines are 
40 similar to one another, although each successive ap- 
proximation differs from the others in minor details. 
Consequendy, the flow chart of FIG. 6 generically 
illustrates the types of tasks performed by all of these 
routines. 

Tester 10 performs a task 104 upon entry to Succes- 
sive Approximation routine 102. Task 104 causes a 
threshold value to be written to D/A converter 67 (see 
FIG. 2B). For a flrst iteration through a successive 
approximation loop, this threshold value is approxi- 
mately one-half of full scale for D/A converter 67. 
After task 104. a task 106 enables counter 77 so that 
counter 77 begins counting. 

Referring back to FIG. 2B, counter 77 may be en- 
abled either with or without simultaneous generation of 
an incident signal pulse at port 15. The preferred em- 
bodiment enables counter 77 by first clocking the 
ready/audio control bit at line 59 to clear flip-flops 50 
and 62, then changing the state of the short pulse con- 
trol bit at line 48 from a low to a high. The incident 
signal pulse is generated by placing the long pulse con- 
trol bit at line 51 in a high state while operating the 
short pulse control bit, and the incident signal pulse is 
prevented from being generated when the long pulse 
control bit is in a low state while operating the short 
pulse control bit. 

After task 106 (see FIG. 6), an optional task 108 
causes program control to wait before proceeding to a 
task 110. In task 110, controller 22 (see FIG. 2A) exam- 



35 



50 



55 
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ines cable interface 23 to see if counter 77 has been task 102 represent substantially instantaneous peak am- 
disabled since the prior enablement of task 106. This plitudc measurements. Moreover, since task 102 in FIG. 
examination is accomplished by reading the output from 5A refrains from generating an incident signal pulse, the 
flip-flop 50 which couples to controller mterface 44, peak amplitude levels detected during task 102 do not 

While counter 77 counts, comparator 65 monitors the 5 include influences from incident or reflected pulses but 
signals present at port 15 and trips when it detects an instead represent the then-current amplitudes of noise 
amplitude peak at port 15 which exceeds the compari- and data signals present on CUT 18. 
son amplitude generated by D/A converter 67. Of After task 102 in FIG. 5A, a task 120 sets a baseline 
course, such an amplitude peak may be of a positive or comparison amplitude by adding predetermined offsets 
negative nature, and comparator 65 can be controlled, 10 to the peak amplitudes detected in task 102. In the pre- 
through the operation of the slope control bit at line 66, fened embodiment of the present invention, these pre- 
to trip on positive-going or negative-going signals. determined offsets are around ± 100 millivolts. Thus, 
Thus, those skilled in the art will understand that, for task 120 establishes a positive comparison amplitude, 
the purposes of the preferred embodiment illustrated by which is approximately 100 millivolts greater than the 
FIG. 2B the exceetding of the comparison amplitude IS positive peak amplitude measured in task 102, and a 
occurs if, during a positive slope comparison, an input negative comparison amplitude, which is approximately 
signal exiiibits a greater positive amplitude than a posi- 100 millivolts more negative than the negative peak 
dve comparison amplitude or a less negative amplitude amplitude measured in task lOZ 
than a negative comparison amplitude. In addition, the A task 122, which is performed after task 120, sets a 
exceeding of the comparison amplitude occurs if, dur- 20 pulse width variable to specify a short pulse width, 
ing a negative slope comparison, an input signal exhibits Subsequent tasks in Scan Cable function 100 use this 
a less positive amplitude than a positive comparison pulse width variable to control the operation of cable 
amplitude or a more negative amplitude than a negative interface 23 (see FIG. 2B) so that a relatively short 
comparison ampUtude. width incident signal pulse wiU be generated by tester 

When task 110 (see FIG. 6) detects that comparator 25 10. 
65 has tripped and stopped counter 77, a task 112 in- Referring back to FIG. 2B, a low-to-high transition 
creases the threshold from the previous threshold used on the short pulse control bit at line 43 while the long 
during task 104. Specifically, the amount of increase is pulse control bit at line 51 exhibits a high level produces 
one-half of the previous step, which was one-half of full the relatively short width incident pulse, which is ap- 
scale during the first iteration of the successive approxi- 30 proximately 15-25 nanoseconds in the preferred em- 
mation loop. Thus, task 112 increases the threshold by bodiment The width of this pulse is controlled by pulse 
one-fourth of full scale during the first iteration of the generator 49. On the other hand, a high-to-low transi- 
successive approximation loop, by one-eighth during tion of the long pulse control bit generates the relatively 
the second iteration, and so on. Conversely, when task wide incident pulse, which is approximately 300-400 • 
110 detects that comparator 65 has failed to trip and 35 nanoseconds in the preferred embodiment The value of 
stop counter 77, a task 114 decreases the threshold from capacitor 54, which is around 0.1 microfarad in the 
the previous threshold used during task 104. Task 114 preferred embodiment, causes the trailing edge of the 
decreases the threshold by one-fourth of full scale dur- wide incident pulse to occur approximately 300-400 
ing the fu'st iteration, by one-eighth during the second nanoseconds after its leading edge, 
iteration, and so on, 40 With continued reference to FIG. 5A, after the short 

After either of tasks 112 or 114, program control pulse width specification in task 122, a routine 124 tests 
transfers to a task 116, which inquires whether to end for potential shorts in CUT 18 near tester 10. FIG. 7 
the successive approximation loop or repeat the loop at illustrates details of routine 124. Specifically, routine 
task 104. In the preferred embodiment, D/A converter 124 includes a task 126, which controls the operation of 
67 receives an 8-bit data input, and therefore task 116 45 multiplexer 79 (see FIG. 2B) so that counter 77 may be 
ends the successive approximation loop after 8 itera- disabled in the event that comparator 65 trips within a 
tions. At the end of 8 iterations, the threshold value predetermined short period of time after being enabled, 
obtained during the last iteration approximates the peak In the preferred embodiment, this period of time is set at 
amplitude detected during execution of Successive Ap- approximately 65 nanoseconds so that shorts which 
proximation routine 102. 50 may exist iat 25 or fewer feet from tester 10 m CUT 18 

As discussed above, comparator 65 operates in posi- may be detected. Thus, the selection control bits at lines 
tive slope and negative slope modes. Thus, when task . 80 are set so that multiplexer 79 holds flip-flop 62 in a 
116 detects the end of the successive approximation constantly preset state. 

loop, a task 118 optionally repeats the above-discussed After task 126, a task 128 performs a scan on CUT 18 
successive approximation loop (tasks 104-116) to obtain 55 with the aim of detecting a reflection pulse from a short 
a peak amplitude for the opposing slope mode of com- in CUT 18. The scanning of CUT 18 occurs by initial- 
parator 65. After task 118, program control continues izing counter 77, as discussed above in connection with 
with the function or macro which utilizes Successive FIG. 6, generating an incident pulse exhibiting a pulse 
Approximation routine 102. width specified in the pulse width variable, discussed 

Referring back to FIG. 5A, Successive Approxima- 60 above, and then testing the output of flip-flop 50 to 
tion routine 102 is executed therein without generating detect whether comparator 65 has tripped and stopped 
an incident signal pulse from tester 10 and without wait- counter 77. The preferred embodiment generates a 
ing during task 108 of FIG. 6. Moreover, task 102 in negative-going pulse at port 15 for the incident pulse. 
FIG. 5A performs both positive and negative slope Thus, the scanning of CUT 18 for a short condition 
successive approximation loops to obtain positive and 65 additionally requires the setting of the slope control bit 
negative peak amplitudes of signals present at port 15. input to comparator 65 so that comparator 65 trips on 
Since task 102 in FIG. 5A does not wait during task 108 positive-going signals at port 15. Moreover, the scan- 
(see FIG. 6), the peak amplitude levels detected during ning of CUT 18 for a short condition requires the writ- 
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ing of the positive baseline amplitude, discussed above 
in connection with task 120 (see FIG. 5A), into D/A 
converter 67 to set the level at which comparator 65 
trips. 

After task 128 (see FIG. 7), a task 130 resets multi- 5 
plexer 79 so that such "quick trips" will not disable 
counter 77 in future scans of CUT 18. Task 130 sets the 
selection inputs to multiplexer 79 to an initialized state 
that accommodates a "normal** scan with a short width 
incident pulse. Specifically, task 130 controls multi- 10 
plexer 79 to route the least significant one of the two 
counter output bits input to multiplexer 79 to the preset 
input of flip-flop 62. 

A task 132, performed after task 130, inquires 
whether the quick trip occurred. This inquiry is per- IS 
formed by first examining the output from flip-flop 50 to 
see if comparator 65 has tripped and stopped counter 
77. If comparator 65 has not tripped, then the quick trip 
has not occurred, and program control returns to Scan 
Cable function 100. On the other hand, if comparator 55 20 
has tripped, then task 132 examines the output from 
counter 77 to detect whether the trip occurred within 
the predetermined short period of time, discussed 
above. If a trip occurs within the predetermined short 
period of time, then task 132 routes program control to 25 
a task 134. Otherwise, program control returns to Scan 
Cable function 100. 

Assuming that task 132 determines that a quick trip 
occurred, then task 134 repeats tasks 126-130 for ap- 
proximately 100 iterations, and a task 136 then averages 30 
the scan results from the quick trips of these 100 itera- 
tions to generate an average duration for the quick trips. 
The large number of iterations are preformed due to the 
relatively low probability of detecting such shorts m 
any single scaa Thus, reliability in detecting such shorts 35 
improves. 

After task 136. a task 138, shown in FIG. 5B. per- 
forms arithmetic calculations which translate the aver- 
age count obtained from the prior scans into a number 
which represents the distance to the detected fault. The 40 
present invention displays this distance in either feet or 
meters, depending on the contents of a units variable, 
which is discussed below in connection with macro 950. 
In addition, task 138 updates the workspace and dis- 
plays this distance number at display 13 (see FIGS. 45 
1-2A) along with an appropriate legend to indicate the 
nature of the number, such as "SHORT at *♦• FEET." 

Next* a task 140 inquires whether the Scan Cable 
function has ended. In the preferred embodiment, this 
inquiry examines the buffer which the background 50 
mode utilizes to communicate the occurrence of activ- 
ity at keyboard 12 (sec FIGS. 1-2A) to the foreground 
mode, llius, a user of tester 10 causes tester 10 to exit 
Scan Cable function 100 by pressing a key on keyboard 
12. If task 140 decides that Scan Cable function 100 55 
should end, program control transfers to Idle mode 82. 
Otherwise, program control remains within Scan Cable 
function 100 by looping back to the beginning of Scan 
Cable function 100. 

Referring back to FIG. 5A, when the test for close 60 
shorts routine 124 decides that no quick trips occurred 
in task 132, discussed above in connection with FIG. 7, 
program control returns to Scan Cable function 100 at a 
task 142. Task 142 scans CUT 18 with tiie aim of detect- 
ing a short in CUT 18. Thus, this scan of CUT 18 is 65 
similar to the scan of CUT 18 discussed above in con- 
nection with task 128 (see FIG. 7). However, task 142 
waits a sufficient length of time to permit a reflection 
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from a fault at a distance of approximately 10,000 feet to 
trip comparator 65 (see FIG. 2). In addition, task 142 
operates with the selection controls of multiplexer 79 
set to hold the output of flip-flop 62 at a low level until 
counter 77 progresses to a predetermined count so that 
the tripping of comparator 65 prior to the occurrence of 
this predetermined count will not disable counter 77. 
Thus, task 142 scans CUT 18 for faults at a distance 
greater than the distance for which faults were scanned 
in task 128. 

The prevention of quick trips in task 142 is not a 
critical feature of the present invention because a reflec- 
tion pulse from a short in CUT 18 exhibits a polarity 
opposite to the polarity of the incident pulse. Conse- 
quentiy, the incident pulse itself will not cause compara- 
tor 65 to trip when comparator 65 is set to look for a 
reflection pulse from a short. However, a task 144, 
which occurs after task 142, scans CUT 18 with the aim 
of detecting an open in CUT 18. For an open condition 
the reflection pulse exhibits the same polarity as the 
incident pulse. Thus, task 144 sets comparator 65 to trip 
on a negative-going signal in the prefened embodiment. 
The selection controls of multiplexer 79 (see FIG. 2B) 
are again set to hold the output of flip-flop 62 at a low 
level until counter 77 progresses to the predetermined 
count so that the tripping of comparator 65 prior to the 
occurrence of this predetermined count will not disable 
counter 77. This feature prevents the incident pulse 
itself from disabling counter 77. In other words, tester 
10 will not permit detection of the incident pulse itself 
to be interpreted as an open fault in CUT 18 at a dis- 
tance near to tester 10. 

Next, a task 146 examines the scan results from tasks 
142 and 144. Such scan results include data describing 
whether a tripping of comparator 65 disabled counter 
77 and the count achieved by counter 77 if it was dis- 
abled- Task 146 routes program control to perform 
three different actions depending upon the inquiry of 
task 146. 

If task 146 decides that counter 77 did not become 
disabled in either of the short or open scans of tasks 142 
and 144, respectively, then a task 148 examines the pulse 
width variable, discussed above, to determine whether 
the scans of tasks 142 and 144 were performed with the 
short or wide incident pulse. If such scans were per- 
formed with the short pulse, attenuation characteristics 
of CUT 18 could possibly have duninished the ampli- 
tude of a legitimate reflection pulse sufficiently so that 
comparator 65 did not trip. Consequently, tester 10 
repeats the open and short scans of CUT 18 using an 
incident pulse having a greater amount of energy than is 
contained in the short incident pulse to compensate for 
such potential attenuation. 

Specifically, the pulse width variable is set to the 
wide pulse in a task 150, and program control returns to 
task 142 again. Another iteration of tasks 142, 144, and 
146 is performed substantially as described above, ex- 
cept that the incident pulse generated by tester 10 now 
exhibits the wide pulse width. In addition, as a conse- 
quence of the wide pulse mode of operation, the selec- 
tion inputs of multiplexer 79 are now set to route the 
most significant one of the two counter output bits input 
to multiplexer 79 to the preset input of flip-flop 62. This 
selection at multiplexer 79 extends the predetermined 
period of time during which the disabling of counter 77 
is prevented. 

If counter 77 does not become disabled in either of 
the short or open scans of tasks 142 and 144 during the 
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wide pulse mode of operatioiit task 148 routes program ance of the baseline duration variable. The preferred 

control to a task 152. Task 152 causes display 13 (see embodiment of the present invention uses a range equal 

FIGS. 1-2A) to indicate that no faults were found in to the baseline duration ±10% for this tolerance. So 

CUT 18 by displaying a message such as *'N0 long as scan results remain within this tolerance, tester 

FAULTS FOUND." After task 152, program control 5 10 remains in the scan loop by performing a task 170, 

proceeds to task 140, discussed above and shown in which adds the scan results to the accumulator. 

FIG. 5B, to exit or repeat Scan Cable function 100. After task 170, a task 172 exammes the number of 

On the other hand, if the scan results from only one iterations performed in the scan loop to determine 

(not both) of the short and open scans of tasks 142 and whether the scan loop should now end. The preferred 

144 detect a fault, then task 146 routes program control 10 embodiment permits a maximum of 30 iterations before 

to a task 154. Task 154 sets a short/open mode variable ending the scan loop. However, this maximum number 

to control the slope of comparator 65 in subsequent is not a critical parameter in the present invention so 

scans so that comparator 65 will operate in the selected long as it remains substantially greater than three. This 

mode. Specifically, if only the short scan of task 142 number is chosen in the preferred embodiment primar- 

detected the disabling of counter 77, then task 154 sets IS ily to simplify the 8-bit arithmetic performed by micro- 

the short/open mode variable to indicate a short mode processor 24 (see FIG. 2A). 

of operation. Likewise, if only the open scan of task 144 So long as the maximum number of iterations of the 

detected the disabling of counter 77, then task 154 sets scan loop has not yet been reached, tester 10 remains in 

the short/open mode variable to indicate an open mode the scan loop by proceeding from task 172 to a task 174. 

of operation. 20 Task 174 waits a predetermined period of time so that 

Alternatively, if the scan results from both of the reflections present on CUT 18 may dissipate. As dis- 

short and open scans of tasks 142 and 144 detect a fault, cussed above in connection with FIG. 3, the output 

then task 146 routes program control to a task 156. Task impedance of tester 10 does not match the characteristic 

156 sets the short/open mode variable in accordance impedance of CUT 18. Consequently, reflected pulses 

with the closest one of the detected faults. SpecificaUy, 25 which encounter port 15 of tester 10 are reflected at 

task 156 examines the flnal counts obtained by counter port 15 back into CUT 18. As a result, CUT 18 may 

77 when disabled in tasks 142 and 144. If the count from experience the influence of an incident pulse generated 

task 142 is less than the count from task 144 then task by tester 18 for a considerable duration while the pulse 

156 sets the short/open mode variable to indicate the reflects back and forth between a fault in CUT 18 and 

short mode of operation. Likewise, if the count from 30 port 15 of tester 10. However, only a portion of the 

task 144 is less than the count from task 142, then task energy of an incident or reflected pulse reflects at a fault 

156 sets the short/open mode variable to mdicate the or at port 15, and the pulse eventually attenuates or 

open mode of operation. dissipates. Task 174 causes the scan loop to time a subse- 

After either of tasks 154 or 156, a task 158 initializes quent scan of CUT 18 so that CUT 18 no longer experi- 

a basdine duration variable. During an initial iteration 35 ences a signiflcant influence from a previous scan of 

of Scan Cable function 100, the baseline duration vari- CUT 18. Of course, those skilled in the art will recog- 

able is set equal to the flnal count obtained by counter nize that the effects of task 174 may be built uito any 

77 in the selected one of the previous short and open portion of the scan loop, and that task 174 takes into 

scans of tasks 142 and 144. The short/open variable account the time required for tester 10 to perform tasks 
mdicates the selected one of the previous scans. In sub- 40 168, 170, and 172, which tasks occur after a scan of 

sequent iterations of Scan Cable function 100, the re- CUT 18. After task 174, the scan loop repeats at task 

suits obtained in a previous iteration are utilized to 166. 

initialize the baseline duration variable. Either of inquiry tasks 168 or 172 may cause the scan 

Next, a task 160 compares the baseline duration vari- loop to end. Task 168 ends the scan loop when out-of- 

able against a predetermined switch point. In the pre- 45 tolerance scan results are detected. Task 172 ends the 

ferred embodiment of the present invention, this switch scan loop when the maximum number of iterations for 

point occurs at a count which represents a period of the scan loop have been reached. When the scan loop 

time approximately equal to 750 nanoseconds. When ends, a task 176 calculates an average duration from the 

this switch point is exceeded by the baseline duration sum of scan results contained in the accumulator and 
variable, a task 162 sets the pulse width variable, dis- 50 from tee number of iterations actually performed by the 

cussed above, to the wide pulse. Thus, when a detected scan loop. In addition, task 176 adds a predetermined 

fault in CUT 18 occurs at a distance of around 250 feet offset value to this average duration, which is in the 

or more away from tester 10, tester 10 automatically range of ± 10 counts of counter 77 for the preferred 

selects the wide pulse mode of operation for improved embodiment. This offset compensates for any mismatch 

reliability, accuracy, and precision in test results re- 55 in the propagation delay of cable interface 23 (see FIG. 

ported by tester 10. 2B) between the signal path which generates the inci- 

After task 162 or when task 160 fails to determine that dent signal pulse transmitted at port 15 and the signal 

the above-discussed switch point has been exceeded by path which enables countmg by counter 77. Conse- 

the baselme duration variable, a task 164, shown in FIG. quently, accuracy improves m describing a distance, 
5B, sets an accumiilator to an initial value, such as zero. 60 which tester 10 calculates and reports in subsequent 

Thus, task 164 initializes a scan loop, which Scan Cable steps, to a fault in CUT 18. 

function 100 performs next. After task 176, a task 178 saves the average calculated 

A task 166 of this scan loop scans CUT 18 utilizing above in task 176 for use in updating the baseline dura- 

the pulse width defmed by the pulse width variable. In tion variable in a subsequent performance of task 158, 
addition, task 166 controls the slope of comparator 65 in 65 discussed above. Consequently, a subsequent iteration 

accordance with the short/open mode variable. After of the Scan Cable function utilizes the average coimt 

the scan of task 166, a task 168 inquires whether the obtained from a prior iteration of the Scan Cable func* 

results from the scan are within a predetermined toler- tion as the new baseline duration. 
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Next, tester 10 performs a task 180» which mquires data subsequently output. This header string represents 

whether tester 10 is currently operating in a mode in constant data which identifies tester 10 and the opera- 

which the amplitude of the reflected pulse is displayed. tional data which will be subsequently output. In addi- 

This inquiry examines an amplitude display variable, tion the header string may advantageously include col- 

which is set in accordance with the procedure specified 5 umn titles, units of measurement, scale identifiers, and 

in macro 930, discussed below. When this mode of oper- the Uke, to aid in interpreting the subsequently output 

ation is specified, a task 182 performs a successive ap- data. 

proximation routine similar to the one discussed above After task 202, a task 204 formats the test data con- 
in connection with task 102 and illustrated in FIG. 6. tained in the workspace for output. In addition, task 204 
For task 182, the successive approximation routine per- 10 may advantageously include header or legend infonna- 
forms a scan of CUT 18 while performing the succes- tion to make the test data easily readable. Moreover, the 
sive approximation. However, in task 182 the successive formatting additionally contemplates the translation of 
approximation does not add wait states so that the rou- numerical data into an appropriate graphical fonnat so 
tine executes as quickly as possible. In addition, the that the output, when printed or displayed, provides a 
successive approximation performs only a single succes- 15 graphical indication of test data, 
sive approximation loop in accordance with the state of Next, a task 206 outputs the data formatted during 
the short/open mode variable. Consequently, the sue- task 204, and a task 208 repeats the formatting and out- 
cessive approximation results obtained in task 182 repre- putting tasks 202-206 until all data in the workspace has 
sent the peak value of the reflection pulse monitored by been transmitted at serial port 19. After task 208, pro- 
tester 10. 20 gram control returns to Idle mode 82. 

After task 182, a task 184 translates the successive FIG. 9 presents a flow chart which illustrates the 
approximation results from task 182 into parameters types of tasks performed by tester 10 during Resistance 
which define a bar graph. This bar graph is displayed in flmction 300 and during Continuity function 600. Func- 
task 138, discussed above, which tester 10 performs tions 300 and 600 both perform a resistance measure- 
after task 182. In the preferred embodiment, the lower 25 ment of CUT 18 or of a terminator (not shown) and 
line of display 13 (see FIGS. 1-2A) displays this bar display the results of the measurement. Of course, those 
graph. The bar graph is configured so that display 13 skilled in the art understand that resistance and continu- 
shows 16 characters when a maximmn amplitude . ity provide inverse characterizations of a single electri- 
reflected pulse is detected by task 182, and a no *'>*' cal parameter. Thus, Resistance flmction 300 has many 
characters (i.e. a blank line) when task 182 detects a 30 features which are similar to the features of Continuity 
minimal amplitude reflected pulse. Of course, the num- function 600. Accordingly, functions 300 and 600 are 
bcr of characters displayed varies in accordance discussed together herein. 

with the relationship between an actual reflected pulse As shown in FIG. 9, a task 302 controls the state of 

amplitude and the above-discussed extremes. Conse- the first relay control bit at line 69 (see FIG. 2B) so that 

quently, tester 10 provides a user with a graphical indi- 35 relay 55 couples port 15 to the input of bridge circuit 64 

cation of the transmission quality of CUT 18. A larger and so that relay 57 couples the output of bridge circuit 

displayed bar indicates a lower-attenuation, better qual- 64 to the non-inverting input of comparator 65. As a 

ity medium for the transmission of electrical signals. On result, bridge circuit 64 monitors CUT 18, and compar- 

the other hand, a smaller displayed bar indicates a high- ator 65 monitors the output of bridge circuit 64 rather 

er-attenuadon cable which is more easily influenced by 40 than port 15. 

external noise in a given set of circumstances. More- After task 302, a task 304 causes tester 10 to wait a 

over, the use of a graphical indicator frees the user from predetermined period of time before proceeding to a 

interpreting attenuation data which might otherwise be task 306. This wait allows relays 55 and 57 and bridge 

presented using numerals. circuit 64 to sUbilize. In task 306, tester 10 performs a 

As discussed above, task 138 translates count data 45 successive approximation routine, similar to Successive 

into distances, updates the workspace, and controls Approximation routine 102, discussed above and illus- 

display 13 in accordance with the previously performed trated in FIG. 6. During task 306, the successive ap- 

iteration of Scan Cable function 100, Task 138 is per- proximation routine docs not simultaneously allow an 

formed after task 184 or after task 180, when the re- incident pulse to be transmitted from tester 10, nor docs 

flectcdpulseamplitudedisplaymodeof operation is not 50 task 306 wait appreciable amounts of time during the 

enabled. After task 138, program control proceeds to successive approximation loop. Furthermore, task 306 

task 140 to decide whether to repeat or exit Scan Cable performs only a single iteration of the successive ap- 

fimction 100. proximation loop over the full scale of D/A converter 

As discussed above in connection with FIG. 4, a user 67. As a result of this successive approximation routine, 

of tester 10 may instruct tester 10 to perform any one of 55 task 306 obtains an 8-bit number representing a voltage 

several functions and macros, of which Scan Cable amplitude at which the output from D/A converter 67 

function 100 represents only one. Print function 200 approximates the voltage output from bridge circuit 64. 

represents another function, and FIG. 8 presents a flow This number is proportional to the resistance monitored 

chart which illustrates the types of tasks performed by by bridge circuit 64 in a manner well-known to those 

tester 10 during Print function 200. Print function 200 60 skilled in the art. 

outputs data stored within tester 10 so that such data Next, a task 308 repeats the successive approximation 

may be printed, displayed, or stored at a computer de- routine of task 306 until a total of 10 successive approxi- 

vice, such as a printer or personal computer, placed in mation iterations have occurred. After task 308, a task 

data communication with tester 10 at serial port 19 (see 310 averages the results from the 10 successive approxi- 

FIGS. 1-2A). 65 mation iterations to obtain a single, reliable number 

With reference to FIG. 8, in a task 202, tester 10 which is proportional to the measured resistance, 

outputs a series of data bytes, coded in accordance with The procedures followed by tester 10 during Resis- 

the ASCII standard, which serve as a header string for tance function 300 and Continuity function 600 differ 
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after task 310 depending on whether Resistance iunc- As shown in FIG* 10. a task 402 causes display 13 Co 

tion 300 or Continuity function 600 is being performed. instruct the user to press a key on keypad 12 (see FIG. 

After task 310 during Resistance function 300, a task 1) and thereby select a pulse width which tester 10 will 

312 translates the number obtained in task 310 into a use during Scope function 400. The instructions may, 

numerical resistance value, updates the workspace so S for example, instruct the user to press key 1 for a short 

that the resistance value may be included with other test pulse or key 2 for a wide pulse. Task 402 waits for the 

data, and operates display 13 to display an appropriate user's response, then proceeds to a task 404, which sets 

legend along with the resulting resistance number. the pulse width variable, discussed above, in accor- 

Bridge circuit 64 in the preferred embodiment is config* dance with the selection made in task 402. 

ured so that this resistance number is less than 25 ohms. 10 After task 404, a task 406 causes tester 10 to transmit 

After task 310 during Continuity function 600, a task at port 15 an incident pulse having the width specified 

612 updates the workspace and translates the average by the pulse width variable. This task differs from the 

number obtained during task 310 mto parameters which scan cable tasks discussed above n connection with 

describe a bar graph. Tlie preferred embodiment trans- Scan Cable function 100 because tester 10 pays no atten- 

lates a resistance value of around zero ohms into a bar 15 tion to whether comparator 65 trips or whether counter 

graph having 16 ">*' characters and translates a resis- 77 becomes disabled as a result of reflections from the 

tance value of around 25 ohms mto a blank display, or incident pulse. 

a bar graph having no characters. Resistance val- Next, a task 408 inquires whether to end Scope func- 

ucs between 0 and 25 ohms produce a bar graph having tion 400. As discussed above, the preferred embodiment 

16 or fewer characters, the precise number of 20 accomplishes this inquiry by detecting whether any key 

which is proportional to the resistance in accordance has been pressed. If task 408 determines that Scope 

with the above-discussed extremes. Task 612 then dis- function 400 should now end, program control simply 

plays this bar graph at display 13. transfers back to Idle mode 82. However, if task 408 

Tester 10 additionally emits an audible indication of determines that Scope function 400 should continue, a 
continuity during Continuity function 600 in accor- 25 task 410 next waits a predetermined period of time be- 
dance with parameters estabhshed during task 612. Spe- fore repeating a scope loop by returning program con- 
cifically, task 612 establishes parameters for the opera- trol to task 406. In the preferred embodiment, 50 micro- 
tion of bu2zer 32 (see FIG. 2A) so that a constant tone seconds transpires between successive incident pulses, 
results from a resistance of around 12 ohms or less and Consequently, task 410 waits a sufficient period of time 
silence results from a resistance of around 23 ohms or 30 so that the next incident pulse occurs around 50 micro- 
more. In addition, the present invention saves past mea- seconds after the previous incident pulse, 
sured values and compares current resistance measure- FIG. 11 presents a flow chart which illustrates the 
ments against such past values. When a reduction in types of tasks performed by tester 10 during a Noise 
resistance to a value less than 23 ohms is detected, task Level function 500. Noise Level function 500 generally 
612 establishes parameters so that buzzer 32 will emit a 35 detects a peak-to-peak noise level present at port 15, and 
single "beep." reports the measured noise level to the user of tester 10. 

This audible indication of continuity is advantageous Moreover, Noise Level function 500 reports the mea- 
because a user of tester 10 may wiggle connectors, sured noise level both visually and audibly, 
terminators, or CUT 18 itself while listening to the Referring to FIG. 11, a task 502 performs a succes- 
audible indications supptied by tester 10. The user need 40 sive approximation routine which is similar to the sue- 
not look at display 13 to learn the measured resistance cessive approximation routine discussed above in Con- 
or continuity value, and the user need not interpret nection with task 102 and illustrated in FIG. 6. For task 
whether a given value is acceptable or unacceptable. 502 the successive approximation does not allow tester 
Rather, the user need only arrange CUT 18, mcluding 10 to generate an incident signal pulse. However, for 
connectors and terminators coupled thereto, while Us- 45 task 502, the successive approximation routine operates 
tening for tester 10 to *'beep.*' slowly, as discussed above in connection with task 108 

After tasks 312 or 612, a task 314 mquires whether the (see FIG. 6). Specifically, task 502 causes each iteration 

function should end or repeat. In the preferred embodi- of the successive approxunation loop to require on the 

ment, the function continually rq)eats until a user of order of 15-25 milliseconds. This 15-25 millisecond 

tester 10 presses any key, in a manner similar to that 50 period is sufficiently long so that substantially a full 

discussed above in connection with task 140 (see FIG. cycle, including the peaks thereof, of a 50-60 Hz noise 

SB). When task 314 does not detect the end of the func- signal may be experienced at port 15. Accordmgly, the 

tion, the function repeats at task 306. On the other hand, * slowness of task 502 allows tester 10 to detect a com- 

when task 314 encounters the end-of-function event, a mon and pervasive type of noise which is caused by 

task 316 controls the state of the first relay control bh at 55 public power distribution lines. In addition, task 502 

line 69 (see FIG..2B) so that relays 55 and 57 return to performs both positive and negative iterations of the 

an initialized state wherein tester 10 is set-up for Scan successive approximation loop so that task 502 obtains 

Cable function 100. After task 316, program control positive and negative amplitude values which corre- 

retums to Idle mode 82. spond to the signals present at port 15. 

FIG. 10 presents a flow chart which illustrates the 60 After task 502, a task 504 translates the amplitude 
types of tasks performed by tester 10 during Scope values obtained during task 502 into a form suitable for 
function 400. Generally, during Scope function 400 output to display 13, and causes display 13 to visually 
tester 10 continually generates incident signal pulses at indicate the measured peak-to-peak noise level. This 
port 15 without processing data related to monitoring visual display takes the form of a nimiber which de- 
reflected pulses. A LAN-skilled person may then con- 65 scribes the peak-to-peak noise. 

nect an oscilloscope to CUT 18 using connector 17 (see A task 506, which occurs after task 504, compares the 

FIG. 1) and view incident and reflection signal timing, noise value to low and high noise buzzer threshold 

amplitudes, and shapes on an oscilloscope. variables. These threshold variables are established m 
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accordance with the procedure discussed below in con- 
nection with macro 940. Generally speaking, the low 
noise buzzer threshold variable defines the noise level 
below which tester 10 will remain silent, and the high 
noise buzzer threshold variable defines the noise level 5 
above which tester 10 will emit a constant tone from 
buzzer 32 (see FIG. 2A). In a manner similar to that 
discussed above in connection with task 612 of Continu- 
ity function 600, task 506 sets an on-time parameter for 
the operation of buzzer 32 in accordance with the mea- 10 
sured noise level when this noise level is between the 
low and high noise buzzer threshold variables. Thus, 
tester 10 emits ^'beeps'* to audibly indicate the noise 
level measured at port 15. 

This audible indication of the noise level is advanta- 15 
geous because a user of tester 10 may move and arrange 
the physical location of wires while listening to the 
audible indications supplied by tester 10. The user need 
not look at display 13 to learn the measiired noise level, 
and the user need not interpret whether a given noise 20 
level is acceptable or unacceptable. Rather, the user 
need only arrange the physical location of CUT 18 so 
that tester 10 emits as few beeps as possible. 

After task 506, a task 508 inquires whether to end 
Noise Level function 500. As discussed above, the end 25 
of the function occurs in the preferred embodiment 
when the user presses any key. When task 508 detects 
the end-of-function event, program control returns to 
Idle mode 82. However, until task 508 detects the end- 
of-function event program control remains within 30 
Noise Level function 500 by transferring from task 508 
back to task 502. 

FIG. 12 presents a flow chart which illustrates the 
types of tasks performed by tester 10 during Printer 
function 700. Generally, during Printer function 700 35 
tester 10 monitors serial port 19 (see FIGS. 1-2A) to 
perform baud rate or XON/XOFF testing of an RS-232 
communications link with a computer device coupled 
to tester 10 at serial port 19. As shown in FIG. 12, a task 
702 causes display 13 to instruct the user to press a key 40 
on keypad 12 (see FIG. 1) and thereby select whether to 
perform baud rate testing or XON/XOFF testing. The 
instructions may, for example, instruct the user to press 
key 1 for baud rate testing or key 2 for XON/XOFF 
testing. Task 702 waits for the user's response, then 45 
transfera program control to a task 704 if baud rate 
testing has been indicated or to a task 706 if XON/X- 
OFF testing has been indicated. Tasks 704 and 706 both 
cause display 13 to instruct the user to send any fUe of 
data toward tester 10 at serial port 19. Thus, after tasks 50 
704 and 706, serial port 19 should be receiving data. 

After task 704, microprocessor 24 (see FIG. 2A) sets 
receive data parameters, such as baud rate, stop bits, and 
parity, for UART 25 in a task 708. After task 708, a task 
710 causes microprocessor 24 to inquire whether 55 
UART 25 has detected any errors in received data. If 
errors have been detected, then the proper parameters 
have not been set in UART 25, and tasks 708 and 710 
are repeated until task 710 fails to detect the occurrence 
of errors. Of course, each iteration of task 708 sets a 60 
different receive data parameter for UART 25. Conse- 
quently, all possible receive data parameters for UART 
25 will eventually be attempted unless no errors are 
detected by task 710. When task 710 detects no received 
data errors at UART 25, program control proceeds to a 65 
task 712. 

After task 706, microprocessor 24 allows UART 25 
to receive approximately 80 characters, as indicated in a 
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task 714. Next, in a task 716, microprocessor 24 causes 
UART 25 to transmit an ASCII XOFF character at 
serial port 19. Following task 716, a task 718 counts the 
additional characters received by UART 25 through 
serial port 19 after the transmission of the XOFF char- 
acter, and then program control proceeds to task 712. 

Task 712 displays the results of the prior serial port 
testing at display 13. When baud rate testing has been 
conducted, display 13 indicates the discovered baud 
rate. When XON/XOFF testing has been conducted, 
display 13 indicates the number of additional characters 
received after transmission of the XOFF character. 
This nimiber should be around 3 or less if the computer 
device coupled to serial port 19 has the XON/XOFF 
protocol correctly installed. 

After task 712, a task 720 inquires whether to exit 
Printer function 700. In the preferred embodiment, an 
exit from Printer function 700 occurs after a user of 
tester 10 presses any key. Upon exiting Printer function 
700, program control retiims to Idle mode 82. How- 
ever, when an end-of-function event has not yet been 
detected in task 720, task 720 simply loops back on itself 
so that the test results will remain on display 13. 

FIG. 13 presents a flow chart which illustrates the 
types of tasks performed by tester 10 during Data Li- 
brary f\mction 800. Generally, during Data Library 
function 800 the contents of the workspace may be 
either saved in a dedicated portion of RAM 34 (see 
FIG. 2A) or updated with data previously saved in this 
dedicated portion of RAM 34. Data Library function 
800 operates in conjunction with Print function 200. 
discussed above in coimection with FIG. 8. As dis- 
cussed above, Print function 200 causes the contents of 
the workspace to be printed at serial port 19 (see FIGS. 
1-2). Thus, a test run whose results are contained in the 
workspace may be stored in a data library so that the 
test run may be printed at a later time. In the meantime, 
additional test runs may be performed or tester 10 may 
be powered-down and transported to a location where 
a printer or other computer device is located. 

With reference to FIG. 13, a task 802 causes display 
13 to instruct the user to press a key on keypad 12 (see 
FIG. 1) and thereby select whether to store the work- 
space into a data library or to retrieve a data library into 
the workspace. The instructions may, for example, in- 
struct the user to press key 1 to save the workspace or 
key 2 to retrieve a data library into the workspace. Task 
802 waits for the user's response, then transfers program 
control to a task 804 to examine the entered key. If the 
user has selected to save the workspace, then program 
control transfers to a task 806. If the user has selected to 
retrieve a data library into the workspace, then program 
control transfers to a task 808. Tasks 806 and 808 both 
cause display 13 to instruct the user to press the key 
corresponding to the number of a data library selected 
for use in connection with Data Library function 800. 
Then, tasks 806 and 808 each wait until the user has 
entered a selection. The preferred embodiment of the 
present invention reserves nine segments of RAM 34 for 
use as data libraries. Consequently, the user is requested 
to press one of keys 12.1-12.9 (see FIG. 1) to indicate a 
single, unique data library. 

After task 806, tester 10 transfers data from the work- 
space into the indicated portion of RAM 34 in a task 
810. Conversely, after task 808 tester 10 transfers data 
from the indicated portion of RAM 34 to the workspace 
in a task 812. After either of tasks 810 and 812, program 
control returns to Idle mode 82. 
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FIG. 14 presents a flow chart which illustrates the L is the length of the sample cable; 

types of tasks performed by tester 10 during Calibration T is the time measured in the TDR scan; and 

function 1000. During Calibration function 1000, the C is the speed of light. 

user of tester 10 enters data which describe an NVP After the NVP has been calculated by task 1014, a 

parameter. Calibration function 1000 permits such data 5 task 1016 updates the workspace and the user type indi- 

to be entered in two different forms. In one form tester cated above in tasks 1002-1004 with this newly calcu- 

10 calculates the NVP parameter from a sample cable of lated NVP. In addition, in task 1016 tester 10 displays 

known length. In another form, tester 10 receives a this NVP at display 13. Next, a task 1018 inquires 

number which it regards as the NVP from keypad 12 whether to end Calibration function 1000. As discussed 

(see FIG. 1). 10 above in connection with other functions, the preferred 

As shown in FIG. 14, a task 1002 causes display 13 to embodiment terminates Calibration function 1000 when 
instruct the user to press a key on keypad 12 and the user presses any key on keyboard 12. The termina- 
thereby select whether to calculate an NVP using scan tion of Calibration function 1000 causes program con- 
results from a sample cable or to accept an NVP di- trol to proceed back to Idle mode 82. However, as long 
rectly from keypad 12. The instructions may, for exam- 15 as the user does not press a key on keyboard 12, task 
pie, instruct the user to press keys 12.1-12.9 (see FIG. 1) 1018 loops back on itself so that the data shown on 
to obtain the NVP from a sample cable or key 12.0 to display 13 will remain displayed, 
accept the NVP directly from keypad 12. If the user Referring back to task 1008, which tester 10 utilizes 
enters one of keys 12,1-12.9. then such an entry is addi- when a user wishes to directly enter an NVP, program 
tionally interpreted as indicating the one of user types ^0 control remains in task 1008 until the user enters a two- 
1-9, discussed above in connection with task 89 of FIG. digit number on keyboard 12. After this event occurs, a 
4, in which to store the NVP. Task 1002 waits for the 1020 examines the entered data to see if it is within 
user's response, then transfers program control to a task reasonable limits for an NVP. Specifically, task 1020 
1004 to examine the entered key. If the user has decided inquires whether this data is within the range of 50-99. 
to obtain the NVP from a sample cable, then program ^5 If the entered data is out of range, program control 
control transfers to a task 1006. If the user has decided ^oop$ back to task 1008 so that a valid number may be 
to directly enter the NVP on keyboard 12, then pro- entered. In addition, tester 10 may advantageously emit 
gram control transfers to a task 1008. » "beep" so that the user is audibly informed that the 

Tasks 1006 and 1008 both cause display 13 to instruct previously entered data is out-of-range. On the other 

the user to enter a number, and both of tasks 1006 and 30 hand, if task 1020 determines that the entered data is 

1008 wait until the number has been completely en- withm range, then such data is mterpreted as a percent- 

tered. Specifically, task 1006 instructs the user to enter age, and program control proceeds to task 1016, dis- 

a number corresponding to the length of the sample cussed above, . ^ 

cable from which the NVP will be calculated. Typi- As discussed above in connection with FIG. 4, Macro- 

cally, this cable length should be as long as possible to 35 function 900 is one of the functions performed by tester 

obtain accurate results, and preferably at least 50 feet 10- Furthermore, Macro function 900 generally repre- 

long. The sample cable is to be attached at one end sents a software switch which routes program control 

thereoftoportl5(seeFIGS.l-2A)oftesterlO,andthe to a specified macro. FIG. 15 presents a flow chart 

opposing end of the sample cable remains either open or which illustrates the types of tasks performed by tester 
shorted. Moreover, task 1006 interprets the units associ- 40 10 during Tracer macro 910. Generally, Tracer macro 

ated with the entered number as being cither feet or supplies an audio signal to CUT 18 as an aid m 

metersinaocordancc withthestateof thcunitsvariable, detecting the precise location of CUT 18. When CUT 

which is set in macro 950, discussed below. installed in a building or other location as part of a 

After task 1006, a task 1010 sets a baseline amplitude LAN. CUT 18 typicaUy resides withm walls, above 
for use in a subsequent TDR scan of the sample cable. *5 ceilings, under carpets, and the like. Thus, locatmg 
Task 1010 is similar to task 120. discussed above in CUT 18 becomes a significant problem when the user 
connection with Scan Cable function 100 (see FIG. 5A). troubleshoots CUT 18. Tracer macro 910 operates in 
However, since the sample cable is typically not used in conjunction with a tracer device 1100, which is de- 
an operational LAN, a constant, predetermined ampli- scribed below in connection with FIG. 16. 
tude may be used for the baseline amplitude rather than 50 As shown m FIG. 15, a task 911 sets the first and 
establishing the baseline amplitude with reference to second relay control bits presented to cable mterface 23 
amphtude measurements of signab currently present at (see FIG. 2B) on lines 69 and 70 so that relay 55 couples 
port 15 (see FIGS. 1-2A). ^^^^^ signal driver 60 to signal terminal 58 of port 15 

After task 1010, a task 1012 performs a TDR scan of and so that reference terminal 72 of port 15 is open, 
the sample cable. The scan conducted in task 1012 is 55 Next, tester 10 enters a tracer loop at a task 912, which 
similar to the scans discussed above in connection with toggles the ready/audio control bit presented at line 59 
Scan Cable function 100. Thus, task 1012 produces a (see FIG. 2B) In other words, if the ready/audio con- 
scan result which represents a count from counter 77 ^^^l bit is initially high, task 912 simply sets it low, and 
(see FIG. 2B), and this count describes the tune re- vice- versa. This change in the state of the ready/audio 
quired for an incident pulse to reflect at the end of the ^ control bit is transmitted to CUT 18 at port 15. 
sample cable which opposes tester 10 and propagate After task 912, a task 913 inquires whether a tone 
back to tester 10 as a reflected pulse. n^o^e of operation should be changed at the then-cur- 

Next, a task 1014 converts the scan results mto the rent time. Tracer macro 910 supplies the audio signal as 

NVP using a formula similar to the following: a tone which alternates between a high frequency and a 

65 low frequency at a predetermined rate. The user of 

NVPs2*LyT*C £q. I tester 10 listens for the audio signal with tracer device 

1100. Thus, the use of the alternating tones makes the 

where: audio signal distinctive and easily identified by the user. 
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Accordingly, task 913 inquires whether to change be- While tester 10 performs Tracer macro 910, reference 
tween high and low frequency tone modes of operation. terminal 72 of port 15 is open (see FIG. 2B), causing a 
If task 913 decides to change tone modes, program shield or reference conductor of CUT 18 to become 
control proceeds through a task 914 to a task 915, How- ungrounded. Consequently, CUT 18 operates as an 
ever if task 913 decides not to change tone modes, pro- 5 antenna which radiates a portion of the energy con- 
gram control proceeds directly to task 915. taincd in the audio signal feed into CUT 18. This radi- 
Task 914 toggles a tone mode variable from high to ated energy inductively couples into antenna 1104 of 
low or vice-versa. In task 915, tester 10 waits a predcter- tracer device 1100 when tracer device 1100 is moved 
mined period of lime. The preferred embodiment of the within a few feet of CUT 18. The audio signal is ampli- 
present invention supplies an approximately 6000 Hz 10 fied in amplifier 1102 and presented at speaker 1110 so 
high frequency audio signal and an approximately 3000 that it may be heard by the user. Accordingly, CUT 18 
Hz low frequency audio signal. Thus, the 6000 Hz sig- °^ay be found within walls, above ceUings, under car- 
nal cycles through positive and negative polarities of P^ts, and the like, by moving tracer device 1100 near 
the signal in approximately 167 microseconds and cy- s«ch fixture and hstcning for the audio signal. Thjs 
cles through only one of the positive and negative po- audio signal becomes louder as tracer device 1100 
larities in approximately 83 microseconds. The wait mov« nearer to CUT IB. ^. ^ .„ , ^ 
imposed by task 915 is a little less than approximately ^^^'}^ f a flow chart which illustrates the 
one-half of a cycle for the high frequency signal, or a ^P^'^T w ^ T 
Uttle less than approximately 83 microsiionds in the ^^^^^ ^^^^ "^^^^^ 
nrefef^emho^ ^ uic while a LAN network of which CUT 18 is a part cames 

After task 915, a task 916 examines the tone mode f^^^ ^'^£*^^r'°!: "'"^'^ ^^^^'^}^^ daf^ ^^^iv- 

variaWe S^detemibelf U^^^^^ iJiSS-cuJrently oper- °i 

van»oic w ucicrauiic u *w » luw^micuu^r up^* f^ojgover, Momtor macro 920 processes and presents 

atmg m the high or low frequency m^^^ tok 916 ^^^^^ 

detects operation m the high frequency mode, then the ^ ^^^^ ^ ^^^l causes display 13 to 

ready/audio control bit needs to be toggled agam, and ^^^^ ^^^^^ ^ ^^^^^ ^^^^ i^^^^. 

program control proceeds to a task 917. On the other ^ ^ j^y^ ^^l then waits untU the 

hand, If task 916 detects current operation m the low ^ ^^^^ untizUi^ an internal clock 

frequency mode, then tester 10 must wait an additiona^ using the entered number. After task 921, a task 922 

period of time before togglmg the ready/audio control 3^ ^ threshold value to D/A converter 67 (see FIG. 

bit, and program control proceeds to a task 918. 23). This threshold value causes D/A converter 67 to 

Task 918 imposes another wait in the tracer loop. generate a comparison ampUtude which comparator 65 

Since the frequency of the low frequency signal m the ^^iii^es in monitoring network activity. In the preferred 
preferred embodiment is approximately one-half that of embodiment, this comparison amphtude is around -0.5 

the high frequency signal, the wait imposed by task 918 35 ^qI^^^ 

is approximately the same as the wait imposed by task j^gxt, a task 923 continually polls the outputs from 
915, discussed above. After task 918 causes tester 10 to comparator 65 which couple to controller interface 44 
wait the allotted period of time, the ready/audio control piG. 2B). This continued polling operation persists 
bit needs to be toggled again for the low frequency for around 200 milliseconds, and task 923 counts the 
mode of operation, and program control proceeds to ^ number of transitions observed in the outputs of corn- 
task 917. parator 65 during task 923. A transition occurs each 

Task 917 inquires whether to exit Tracer macro 910 i^ic amplitude of the signals monitored at port 15 
before routing program control back to task 912. Tracer cross over the threshold amplitude set above in task 922. 
macro 910 ends when a user presses any key on key- After task 923, a task 924 inquires whether a one- 
board 12 (See FIG. 1). When this ending event occurs, 45 second point in time has occurred. If this one-second 
a task 919 returns the relay control bits to their initial point has not yet occurred, then Monitor macro 920 
states, which prepare tester 10 for Scan Cable function need not update display information, and program con- 
100 (sec FIGS. 5A-5B). trol proceeds directiy to a task 925. Task 925 inquires 

FIG. 16 shows a block diagram of tracer device 1100, whether to end Monitor macro 920, and loops program 

which the user of tester 10 utilizes with Tracer macro 50 control back to task 923 until it determines that Monitor 

910 to locate CUT 18. Specifically, FIG. 16 shows a macro 920 should end. On the other hand, if task 924 

high-gain amplifier 1102 having a signal input coupled determines that the one-second point has been reached, 

to an antenna 1104. In the preferred embodiment, an- a task 926 processes activity data obtained in previous 

tenna 1104 is formed from a wire which is between a iterations of task 923 for presentation to the user, 
few inches and a couple of feet in length. An output of 55 Specifically, task 926 averages the count data from 

amplifier 1102 couples to an input of a speaker 1110. A several of the prior iterations of task 923 to obtain an 

power input to amplifier 1102 couples through a switch average activity number. In the preferred embodiment, 

1106 to a first output of a battery 1108. A second output this average encompasses the prior 15 iterations of task 

of battery 1108 and a ground terminal of amplifier 1102 923. Task 926 translates this number into a second num- 

couple together. 60 ber which is logarithmicly related to the average num- 

In the preferred embodiment, switch 1106 is spring ber of transitions and displays the second number at 

biased to remain in an open configuration unless specifi- display 13 along with a legend, which identifies the 

cally depressed. Thus, a user of tracer device 1100 must second number as representing a one-second average, 

continually depress switch 1106 in order for amplifier In addition, task 926 translates this second number 

1102 to be energized and for tracer device 1100 to oper- 65 into parameters which control a bar graph and causes 

ate. As a result, tracer device 1100 cannot inadvertently display 13 to display the resulting bar graph. In the 

be left energized, and the life of battery 1108 is ex- preferred embodiment of the present invention, the bar 

tended. graph produced in Monitor macro 920 is a single char* 



2/3/05, EAST Version: 2.0.1.4 



4,970,466 

29 30 

acter bar graph in which the number of lines in the macro 940 to set the noise level below which tester 10 

single character increases as the value of the second remains silent during function 500 and to set the noise 

number increases. Thus, a short vertical bar appears at level above which tester 10 emits a continuous tone 

display 13 when tester 10 detects only a little network during function 500. After task 944, program control 

activity at port IS, and a tall vertical bar appears when 5 returns to Idle mode 82. 

tester 10 detects a substantial amount of network activ* FIO. 20 presents a flow chart which illustrates the 
ity, types of tasks performed by tester 10 during Units 
After task 926, a task 927 inquires whether a one- macro 950. As shown in FIG. 20, a task 952 toggles the 
minute point in time has occurred. If this one-minute \mits variable, then program control proceeds to Idle 
point has not yet occurred, Monitor macro 920 need not 10 mode 82. As discussed above in connection with task 
update additional display information, and program 138 of Scan Cable function 100 (see FIG. SB) and task 
control proceeds to a task 925, However, if task 927 1006 of Calibration function 1000 (see FIG. 14), tester 
determines that a one-minute point has been reached, 10 uses the units variable to determine whether tester 10 
then a task 928 processes the one-second data accumu- operates with distances expressed in feet or in meters, 
lated over the previous minute to produce one-minute IS Thus, tester 10 performs Units macro 950 to switch 
data. Specifically, task 928 averages the one-second between operating modes in which distances are ex- 
numbers displayed above in task 926 for the previous pressed as feet or meters. 

minute to produce an average of network activity over FIG. 21 presents a flow chart which illustrates the 
the previous minute. Then, task 928 fonnats and dis- types of tasks performed by tester 10 during Print Con- 
plays this one-minute average with an appropriate leg- 20 figuration macro 960. As shown in FIG. 21, a task 962 
end identifying it as such. formats current default values used by tester 10 for 

In addition, task 928 formats the one-minute data for printing and outputs such default values at serial port 19 

output at serial port 19 (See FIGS. 1-2A) so that it may (see FIGS. 1-2A). After task 962, program control 

be printed or saved at an external computer device. A proceeds to Idle mode 82. These default values include 

current value form the clock, initialized above in task 25 data describing NVP numbers stored m various user 

921, is also output to identify the time of day to which types, the amplitude display variable, low and high 

the output activity report applies. Moreover, in the noise buzzer thresholds variables, the units variable, the 

preferred embodiment, the one-minute data is formatted preset macro variable, and the like. Thus, Print configu- 

as a bar graph so that once each minute serial port 19 ration macro 960 allows a user of tester 10 to make a 

outputs a single line of data that includes the time of day 30 record of the internal configuration of tester 10. 

and a bar which graphically indicates network activity FIG. 22 presents a flow chart which illustrates the 

over the preceding minute. types of tasks performed by tester 10 during Define 

After task 928, program control proceeds to task 925, Macro Preset macro 970. As shown in FIG. 22, a task 

which mquires whether to end Monitor macro 920. 972 causes display 13 (see FIGS. 1-2A) to instruct the 

Monitor macro 920 ends when task 925 determines that 35 user to press one of keys lZl-12.9 (see FIG. 1) on key- 

a key on keyboard 12 (see FIO. 1) has been pressed. pad 12 and thereby select a macro to utilize in connec- 

When task 925 makes the determination to end Monitor tion with the selected macro feature of tester 10, which 

macro 920, program control returns to Idle mode 82. was discussed above in connection with tasks 90-92 of 

FIG. 18 presents a flow chart which illustrates the FIG. 4. After a numbered key on keypad 12 has been 
types of tasks performed by tester 10 during Amplitude 40 pressed, a task 974 saves this number or a corresponding 
Display macro 930. As shown in FIG. 18, a task 932 identifier in the macro variable, discussed above m con- 
simply toggles the amplitude display variable, then pro- nection with tasks 90-92. After task 974, program con- 
gram control proceeds to Idle mode 82. As discussed trol returns to Idle mode 82. 

above in connection with tasks 180-184 of Scan Cable In summary, the present invention provides a cable 
function 100 (see FIG, SB), tester 10 uses the amplitude 45 testing apparatus and method which are particularly 
display variable to enable and disable the bar graph suited for use by a typical LAN user and need not be 
display which describes the amplitude of reflected used only by LAN-skilled persons. The tester of the 
pulses during Scan Cable function 100. Thus, tester 10 present invention provides a time domain reflectometer 
performs Amplitude Display macro 930 to enable a which may be used without a user specifying incident 
disabled bar graph, and vice-versa. 50 pulse width or cable impedance parameters. In addition, 
FIG. 19 presents a flow chart which illustrates the the TDR features of the present invention perform a 
types of tasks performed by tester 10 during Noise scan of a cable under test quickly after detecting the 
Level macro 940. As shown in FIO. 19, a task 942 then-current dynamic state of signals present on the 
causes display 13 to instruct the user to enter a number cable so that a LAN may remain energized during TDR 
which identifies a low noise buzzer threshold, and task S5 testing. Furthermore, the present invention provides 
942 waits until this number has been completely en- modes of operation which indicate test results using 
tered. Next, a task 944 causes display 13 to instruct the graphical and audible forms of communicating mforma- 
user to enter a number which identifies a high noise tion so that the usability of the tester improves and so 
buzzer threshold, and task 944 waits until this number that a user of the tester is required to engage in only a 
has been completely entered. Noise Level macro 940 60 minimal amount of data interpretation. Moreover, the 
interprets the numbers entered in tasks 942 and 944 as present invention includes a multiplicity of test func- 
representing millivolts, and the low and high noise tions in a single device so that a user need not obtain 
buzzer threshold variables are set accordingly. As dis- additional "test" equipment to successfully trouble- 
cussed above in connection with task 506 of Noise shoot a wide variety of common LAN problems. 
Level function 500 (see FIG. 11), the low and high 65 The present invention has been described above with 
noise threshold variables specify the operation of the reference to a preferred embodiment. However, those 
audible "beeps" emitted by tester 10 during function skilled in the art will recognize that changes and modifi- 
500. Thus, the user of tester 10 utilizes Noise Level cations may be made in this prefened embodiment 
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without departing from the scope of the present inven- 
tion. For example, those skilled in the art can devise a 
wide variety of specific hardware implementations for 
the structures depicted by FIGS. 1-3 and 16. Clearly, 
the spcciilc devices, logic elements, and signal polarities 
discussed herein are subject to modification. Likewise, 
those skilled in the art will recognize that the software 
programming depicted by the flow charts of FIGS. 
4>15 and 17-22 may differ considerably without depart- 
ing from the scope of the present invention and may 
include more or fewer features and exhibit a markedly 
different internal organization. Moreover, those skiUed 
in the art will recognize that these flow charts are pres- 
ented to teach the present invention and that these flow 
charts, like any flow chart describing complicated soft- 
ware, can only approximate the actual software utilized. 
In order to understand actual implementations of the 
software in the preferred embodiiment, the reader is 
referred to the "C" programming source listing con- 
tained in the Appendix attached hereto. These and 
other changes and modifications which are obvious to 
those skilled in the art are intended to be included 
within the scope of the present invention. 
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APPENDIX 

COPYRIGHT INFORMATION 

ALL SOFTWARE PROGRAMMING DIS- 
5 CLOSED IN Tins PATENT DOCUMENT, IN- 
CLUDING, BUT NOT LIMITED TO, PROGRAM- 
MING THAT APPEARS IN THE FOLLOWING 
APPENDIX, IS COPYRIGHTED TO MICRO- 
TEST, INC. MICROTEST, INC. HEREBY CON- 
10 SENTS TO THE REPRODUCTION OF THE 
COPYRIGHTED SOFTWARE DISCLOSED IN 
THIS PATENT DOCUMENT, BUT ONLY SO FAR 
AS SUCH REPRODUCTION IS UNDERTAKEN 
SOLELY AS NECESSARY IN CONJUNCTION 
15 WITH THE REPRODUCTION OF AN ISSUED 
PATENT WITH WHICH THE COPYRIGHTED 
SOFTWARE IS ASSOCIATED. MICROTEST, 
INC. RESERVES EXCLUSIVELY UNTO ITSELF 
THE RIGHT TO USE THE COPYRIGHTED 
20 SOFTWARE FOR ALL OTHER PURPOSES, IN- 
CLUDING, BUT NOT LIMITED TO, THE PUR- 
POSES DISCLOSED OR SUGGESTED BY THIS 
PATENT DOCUMENT AND INCLUDING 
THE CREATION OF DERIVATIVE WORKS. 
15 COPYRIGHT ©1989 MICROTEST, INC. 



meas.c 1: 
meas.c 2: 

• . \include\std . h 1 : 
meas.c 3: 

. .\include\tdr.h 1: 
meas.c 4: 

/. \include\globs . ext 1 s 
meas.c 5: 



meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas . c 
meas.c 
meas .c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
>.c 
•c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas .c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 
meas.c 



{ 



int 

char da; 

char sc; 
char wide; 
char slope; 



int i; 
unsigned result; 
char test; 



,0x00 
0x40 



) 

0x0); 



6: 
7: 
8: 
9: 
10: 
11: 
12: 
13: 
14: 
15: 
16: 
17: 
18: 
19: 
20: 
21: 
22: 
23: 
24: 
25: 
26: 

27: sf0064( 0, 0x01 | 
28: s£0064( 0x04 ,0); 
29: 

30: sf 0066 (0x80 +1 ,da); . 
31: 

32: sf 0066 (0x80 , slope | 0x20 

33: 

34: 

35: 

36: s£0064( 0x08 | 0x04 | 0x01 

37: s£0064( 0, 0x08 ); 

38: 

39: 

40: 

41i 



f 166 (da, sc, wide, slope) 



s£0066(0x80 
if ( slope « 
{ 

sf 0065 (0x80 +1 
.} 

else 
{ 

sf0066(0x80 +1 ,0xa0); 
} 



I 0x20 I slope); 



0x02 I 0x04 I 0x08 )i 



I sc); 



0 ); 
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